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Three Dimensional Sensor Laser 
Noise Reduction Method 

Background of Invention 

[0001 ] The use of laser lines as a tool for non-contact measurement gauging of an object 
is well established. Laser lines are projected onto the object being gauged, and an 
image of the projected lines is observed by one or more detectors for use in 
triangulation measurements. However, laser lines used in structured light systems for 
measurement gauging of objects contain coherent noise, such as speckle, which limits 
the performance of the system. 

[0002] One approach to increase the measurement accuracy of laser based measurement 
gauges has been to reduce the size of the laser spot or laser line thickness projected 
onto the surface of the object undergoing measurement gauging. However, in the 
case of a smaller projected spot or thinner line projection, on the order of a few tens 
of microns in diameter or cross-section, the coherent speckle created by the surface 
characteristics of the object onto which the laser is projected can become very large, 
even compared to the size of the viewing lens, and hence are seen as continuous 
patterns of light at the detectors. 

[0003] 

This problem has been previously addressed by scanning the laser spot or beam 
along the length of the projected line. This is often done by rapidly scanning a single 
laser point to form the projected image of a line, or merely moving a projected image 
of a laser line back and forth slightly in a dithering motion. Movement of the laser 
beam along the length of the projected line averages out the coherent speckle 
perceived as noise by the detectors. While these methods average out the coherent 
speckle noise, they reduce available light energy received by the detectors, and add 
additional sources of error associated with the position of the line due to the wobble 
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present in the mechanical scanning or dithering systems. 

[0004] Accordingly, there is a need for a method to reduce coherent speckle noise 
observed in projected laser lines used for the measurement gauging of an object, 
without reducing the light energy available for detection or introducing additional 
mechanical scan errors into the measurement system. 

Summary of Invention 

[0005] Briefly stated, the present invention uses a combination of a detector lens f- 

number, data regarding object surface scatter, and laser coherence control, to reduce 
speckle noise in a structured light gauge measurement system. This is done without 
use of moving mechanical parts, thereby eliminating mechanical motion errors and 
maximizing detectable laser light. 

p [0006] The foregoing and other objects, features, and advantages of the invention as well 
rf as presently preferred embodiments thereof will become more apparent from the 

ill reading of the following description in connection with the accompanying drawings. 

jf Brief Description of Drawings 

[0007] In the accompanying drawings which form part of the specification: 

HI [0008] Figure 1 is an example of a speckle field created by laser light scattering off a 
rough metal surface; 

p= [0009] Figure 2 is an enlarged view of prior art laser lines projected onto the surface of 
an object, including a representation of the laser distribution; and 

[001 0] Figure 3 is an enlarged view of laser lines of the present invention projected onto 
the surface of an object, including a representation of the laser distribution. 

[001 1] Corresponding reference numerals indicate corresponding parts throughout the 
several figures of the drawings. 

Detailed Description 

[0012] 

The following detailed description illustrates the invention by way of example and 
not by way of limitation. The description clearly enables one skilled in the art to make 
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and use the invention, describes several embodiments, adaptations, variations, 
alternatives, and uses of the invention, including what is presently believed to be the 
best mode of carrying out the invention. 

[001 3] Laser light reflected and scattered from the surface of an object 8 is perceived by 
detectors in an optical measurement system as individual points or spots 10 of light 
and dark contrast, known as "speckle", shown in Figure 1 . Classic "speckle" noise is a 
light interference phenomena dependent upon the wavelength and aperture size of 
the viewing system. Therefore, a low lens f-number on the detector typically reduces 
the size of observed speckles 1 0. For example, a f/2 lens system produces speckles 
10 which are approximately 2.3 microns in size, from light projected onto a uniform 
scattering surface such as a diffuse white object. 

[001 4] However, surface features on an object onto which a laser spot or laser line is 
projected affect the manner in which the projected laser light is reflected and 
scattered, based upon the facets of the microfinish of the object. When a laser beam is 
incident on an opaque, rough surface, as seen in Figure 1 , the micro-structures of the 
surface act as through it is made of a range of small mirrors, pointing in numerous 
directions. These micro-mirrors may reflect the light in a particular direction, as 
machine marks generally do, or may direct the light along the surface of the part. 
Depending on how random or directional the point of these micro-mirrors or 
scattering centers may be, the apparent spot seen on the surface will not be a direct 
representation of the light beam as incident on the part surface. 

[001 5] As the scattering centers on the part surface increase in size, the uniform points 
will be enlarged and modulated by the surface scattering centers, so to produce a 
'speckly' point of bright and dark areas. Surfaces which are very rough or translucent 
tend to spread the laser light out over an extended region, forming coherent speckles 
and creating an uncertainty blob which can lead to false measurements. 

[001 6] [n the case of a very $ma || j aser spot Qr | aser |- ne j a few tens of mjcrons jn W jdth), 

the coherent speckle effect created by the surface of the object can be very large, even 
compared to the size of the viewing lens, and hence is seen as a continuous light 
pattern by the detector. Any laser light scattering off a rough surface produces a light 
field with a characteristic laser speckle distribution. The size of the coherent speckle 
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points on a pixel in an image is a function of the convolution of the inverse Fourier 
transform of the scatter distribution, and the impulse response of the lens. This latter 
is determined by the lens f-number and the diffraction equation for a lens aperture; 
i.e.: 

[001 7] S = (wavelength)(f-number) Eqn. 1 

[001 8] Scatter distribution is the diffraction driven size of a scattering center on the 
object surface. 

[001 9] In one embodiment of the present invention, a slab diode laser is utilized to 
generate a laser line projected onto the surface of an object undergoing gauge 
measurement. A slab diode laser is a diode that is very small in one dimension, and 
very large in another dimension. The result is a beam that is very coherent on one 
dimension, and which can be focused to a narrow line, while in the other direction it 
exhibits a multiple mode structure that degrades the coherence, and hence the 
contrast of any speckle. This can be seen by comparing Figures 2 and 3, illustrating 
the cross-sectional distribution 1 2 of projected laser lines 14 from a conventional 
laser and of projected laser lines 1 6 from a slab diode laser. Those skilled in the art 
wilUunderstand that the laser coherence relative to the structure of the surface scatter 
reduces speckle noise. The speckle contrast caused by the slab diode laser is fixed to 
a known value. 

[0020] Using the known value of speckle contrast from the slab diode laser, the 

"maximum" speckle size on a detector pixel, before the speckle noise becomes a 
problem, can be calculated. Preferably, speckle size is limited to no more than 1 0 
percent of the size of an individual pixel comprising the image generated by the 
detector. In this manner, the contrast of the speckle effect is reduced to a small 
percentage of the total light received by the detector on the pixel. The speckle size 
can then be adjusted to smaller than the maximum size using the detector lens f- 
number, and the surface scatter convolution relationship. 

[0021] 

In one embodiment of the invention, impulse response of the lens is measured. 
The impulse response is the size of the smallest spot generated by the lens while it is 
imaging an infinitely small spot, or a spot which is much smaller than it is able to 
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resolve. With fast lens focusing on a detector, the speckle is kept to a minimum size. 
For example, an f/5 lens will create speckle of about 3 microns in size. As long as the 
detector element sees many speckles at once, their effect is averaged out. Hence, 
reducing the f-number of the detector lens focusing an image of a projected laser line 
onto the detector pixel or sensing element, reduces the size of observed coherent 
speckles. More coherent speckles impinge upon the detector sensing element and 
they are averaged out. However, reducing the f-number limits the focus depth of the 
lens; and accordingly, must be balanced with the depth-of-field required to fully 
image the object being gauged. 

[0022] The effect of a rough surface on an object undergoing gauge measurement is to 
create speckle related to the effective aperture size of the surface roughness features, 
which will then further modulate the speckle pattern on the detector. Ideally, the lens 
f-number is selected so as to reduce speckle size to approximately ten percent of the 
size of an individual pixel forming the image. In this manner, the effect of speckle 
contrast on the overall pixel light intensity level is reduced to a few percent due to an 
averaging of the speckles by pixel size. 

[0023] As the ideal low detector lens f-number is traded off for depth-of-field and 
general image quality, there are fewer speckles on a given detector image pixel. 
Accordingly, the change in light level on the image pixel becomes more dependent on 
the addition or subtraction of one speckle spot. For a high coherence laser, speckle 
can start with a contrast of close to 1 00 percent. So, if there are ten bright spots on a 
pixel formed by laser speckle, and a small movement of the image reduces this to 
only nine bright spots, the intensity on that pixel will change by ten percent. However, 
if the contrast of the initial speckle spots is reduced by a factor of four, for example 
by using a slab diode laser, then the change in pixel light level intensity due to a 
change in the number of speckle spots, i.e. speckle noise, is only 2.5 percent per 
speckle. 

[0024] 

In view of the above, it will be seen that the several objects of the invention are 
achieved and other advantageous results are obtained. As various changes could be 
made in the above constructions without departing from the scope of the invention, it 
is intended that all matter contained in the above description or shown in the 
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accompanying drawings shall be interpreted as illustrative and not in a limiting sense. 
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